Multiple enzyme fractions have been shown to be required for the synthesis of polypeptides from aminoacyl-sRNA in both mammalian and microbial systems. '-6 In the reticulocyte system two enzyme fractions have been found to be required for the polyuridylic acid-(poly U)-directed synthesis of polyphenylalanine.7 One of these fractions was found to enhance the binding of phenylalanyl-sRNA to reticulocyte ribosomes in the presence of guanosine 5'-triphosphate (GTP) at concentrations of M\Ig++ that are close to the optimum for the over-all polymerization reaction.8' I Three complementary polymerization factors isolated from extracts of Escherichia coli and Pseudomonas fluorescens'0 have been shown to be required for polyphenylalanine synthesis with washed E. coli ribosomes. Several investigators"-'3 have demonstrated that poly U-directed binding of phenylalanylsRNA to ribosomes occurs at high concentrations of Mg++ in the absence of GTP and soluble enzyme fractions (nonenzymatic binding); however, no enhancement of the binding of phenylalanyl-sRNA to ribosomes in the presence of GTP and purified enzyme fractions (enzymatic binding) has been observed previously in microbial systems.'2 13 In the present study, an extract of E. coli W has been separated into two fractions, both of which are required for the transfer of aminoacyl-sRNA to polypeptide with washed E. coli W ribosomes. One of these fractions was found to be required for the GTP-dependent, enzymatic binding of aminoacyl-sRNA to E. coli ribosomes. These findings appear to be analogous to those previously reported in the reticulocyte system.8' I Materials and Methods.-Preparation of C04-phenylalanyl-RNA: Soluble RNA from E. coli B was obtained from General Biochemicals, and C'4-phenylalanine was obtained from New England Nuclear Corporation. Sonic extracts of E. coli W, prepared as previously described,'4 were stored at -15°and dialyzed overnight just prior to use. The reaction mixture contained in a total volume of 10 ml: Tris-HCl buffer, 0.1 M, pH 7.5; MgCl2, 0.01 M; adenosine 5'-triphosphate (ATP), 2 mM; f3-mercaptoethanol, 0.02 M; sRNA, 20 mg; C'4-phenylalanine, 0.01 mM, specific activity 100; and dialyzed sonic extract of E. coli W, 11 mg of protein. After 15 min of incubation at 370, the reaction mixture was extracted with an equal volume of 90% phenol. The RNA was recovered from the aqueous phase by precipitation with ethanol, washed by two additional ethanol precipitations, and dissolved in a small amount of 0.01 M potassium acetate, pH 6. The charged sRNA was then passed through a Sephadex G-25 column to remove contaminating nucleotides.
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Preparation of ribosomes: Ten liters of salts-glucose medium'5 supplemented with 0.2% Difco yeast extract and 0.2% Sheffield N-Z case were inoculated with 1 liter of an overnight culture of E. coli W. The medium was vigorously aerated, and the cells were allowed to grow for 3 hr at 37°. The cells were harvested by centrifugation, washed once with 0.01 M Tris-HCl buffer, pH 7.5, containing 0.01 M magnesium acetate and 0.006 M 6-mercaptoethanol, and stored at -150 as a paste. The frozen cells were ground with alumina as previously described,5 and the ribosomes were sedimented by centrifugation at 150,000 X g for 150 Separation of transfer factors: Solid ammonium sulfate (22.6 gm per 100 ml) was added slowly with stirring to the S-150 supernatant solution obtained as described above. The pH was maintained at approximately 7.5 by the addition of 1 N KOH. This and all subsequent operations were carried out at 4°. After 20 min, the precipitate was collected by centrifugation at 30,000 X g for 30 min and was discarded. Additional ammonium sulfate (17.2 gm per 100 ml of the original volume) was added to the supernatant fluid, and the pH was maintained at approximately 7.5. The precipitate, collected as before, was resuspended in 12 Assays: Bound C'4-phenylalanyl-sRNA was measured by a modification of the procedure of Nirenberg and Leder.1" The reaction mixture contained in a total volume of 0.5 ml: Tris-HCl buffer, 0.05 M, pH 7.7; 03-mercaptoethanol, 0.012 M; NH4Cl, 0.08 M; KC1, 0.08 Ml; MgCl2, 0.012 M; poly U, 3 jig; washed ribosomes, 0.1 mg; sRNA, 0.1 mg charged with 35 ,u/moles of C'4-phenylalanine; and when indicated, 0.1 mM GTP and enzyme fractions. After 10 min of incubation at 370, the assay tubes were placed in ice, and the reaction mixtures were diluted tenfold with 0.05 M Tris, pH 7.7, containing 0.16 M NH4Cl and 0.012 M MgCl2. The diluted reaction mixtures were filtered immediately through Millipore filters (0.45-,A pore size), and the filters were washed with three 5-ml portions of cold buffer. The filters were dried and counted in a low-background, thin-window, gas-flow counter. To measure the amount of C14-phenylalanine polymerized, the reaction was stopped after 10 min of incubation at 370 by the addition of 5% trichloroacetic acid (TCA) and the reaction mixtures were heated at 900 for 10 min. The precipitates were collected on membrane filters, washed three times with 5% TCA, and the filters were counted as described above.
Identification of the product bound to ribosomes: The reaction mixture described above was increased in volume to 2.5 ml. Two parallel experiments were conducted. In one experiment (nonenzymatic binding) the reaction mixture contained no GTP or enzyme, and in the other experiment (enzymatic binding) the reaction mixture contained 0.1 mM GTP and F-I, 60 ,g protein. After incubation, the reaction mixtures were diluted with buffer, and the ribosomes were collected on membrane filters and washed as described above. The filters were placed in 0.5 ml of 1 N NH40H containing 50,gg of C'2-iphenylalanine and 50 ,ug of C12-i-phenylalanyl-iLphenylalanine. After vigorous stirring with a Vortex mixer, the filters were removed, and the NH40H solution was evaporated to dryness over P205. The residue was dissolved in 0.1 ml of water and 50 1Al of each sample were applied to Whatman no. 1 paper. C12-iphenylalanine and C12-It phenylalanyl-i-phenylalanine were also applied to the paper as controls, and the chromatogram was developed by the ascending technique with butanol: acetic acid: water (4: 1: 1) as the solvent system. The positions of the phenylalanine and phenylalanylphenylalanine controls were located by spraying that portion of the chromatogram with ninhydrin reagent. The Rf of phenylalanine was 0.52 and the Rf of phenylalanylphenylalanine was 0.82. The portion of the chromatogram containing the radioactive samples was cut in 2-X 2-cm squares and these squares were counted in a Beckman liquid scintillation spectrometer.
Results.-No detectable formation of polyphenylalanine from phenylalanylsRNA is observed with washed E. coli W ribosomes in the absence of GTP and a soluble enzyme fraction or fractions. Maximal polymerization is obtained in the presence of 0.1 mM GTP and 50 ,g protein from the 40-65 per cent ammonium sulfate fraction. When each of the fractions from the DEAE-Sephadex column is assayed individually, very little incorporation of phenylalanine into hot TCAinsoluble material is observed. However, when fractions 22 through 25 (F-I) are assayed in the presence of fractions 32 through 35 (F-lI), good incorporation is obtained. As shown in Table 1 , no significant incorporation of phenylalanine into hot TCA-insoluble material is observed when either F-I and GTP or F-II and GTP are added to the reaction mixture; whereas good incorporation of phenylalanine into hot TCA-insoluble material is obtained when the reaction mixture is supplemented with both F-I and F-Il and GTP. Further investigation revealed that F-I, in the presence of GTP, enhances the binding of phenylalanine to ribosomes without a concomitant increase in the amount of phenylalanine incorporated into hot TCA-insoluble material. No such enhancement of binding is observed with F-II (Table 1) . In separate experiments, the polyadenylic acid-(poly-A) directed binding of lysyl-RNA was found to be stimulated by F-I and GTP but not by F-II and GTP.
In order to determine whether the increased amount of amino acid bound to ribosomes could be due to the formation of short peptides which would not be precipitated by hot TCA, the product of the reaction catalyzed by F-I was identified by paper chromatography as described in Methods. Of the C14-phenylalanine bound to ribosomes in the absence of F-I and GTP, 90 per cent was recovered in the region corresponding to the Rf for phenylalanine. In the presence of F-I and GTP approximately twice as much C14-phenylalanine was bound to the ribosomes, and of the bound C14-phenylalanine, 85 per cent was recovered in the region corresponding to the Rf for phenylalanine, and only about 4 per cent was recovered in the region corresponding to the Rf for phenylalanylphenylalanine. From these data, it can be concluded that F-I, in the presence of GTP, catalyzes the binding of phenylalanyl-sRNA to ribosomes without an appreciable enhancement of the formation of phenylalanylphenylalanine or longer phenylalanine peptides.
In Figure 1 the amount of F-I required to catalyze the binding of phenylalanine to ribosomes in the presence of GTP is compared to the amount of F-I required to catalyze the formation of polyphenylalanine in the presence of GTP and F-Il. Maximal binding and polymerization are obtained with about the same amount of F-I. Of the two fractions F-I appears to be the more labile. The ability of F-I to catalyze the binding reaction and to catalyze polymerization in the presence of F-II is decreased 90 per cent when F-I is heated at 550 for five minutes. Heating F-II at 550 for five minutes reduces its activity only 10-15 per cent. F-I also loses about 50 per cent of its activity on storage at 40 for five days, whereas F-II can be stored at 40 for several weeks without an appreciable loss in activity.
In all of the experiments described above, the Mg++ concentration in the reaction mixtures was 12 (Fig. 2B) , it can be seen that the optimum Mg++ concentration for enzymatic binding is 14 mM, which is only Slightly higher than the optimum (12 miMI) for the over-all polymerization reaction. Neither nonenzymatic nor enzymatic binding of phenylalanyl-RNA to ribosomes is observed in the absence of poly U.
If the charged sRNA used in the reaction mixture has not been purified by passage through a Sephadex G-25 column, the GTP requirement for the over-all polymerization reaction (Table 1) can still be demonstrated; however, the GTP requirement for the binding reaction is not observed. Only by the use of charged sRNA freed of trace amounts of nucleotides can the GTP requirement for the binding reaction be demonstrated. As shown in Figure 3 , the amount of GTP required for the over-all polymerization reaction is much greater than the amount required for the binding reaction. From these data, the Km values for GTP were calculated to be approximately 3 X 10-7 M for the binding reaction and 1 X 10-5 M for the over-all polymerization reaction. In separate experiments, it has been shown that the nucleotide requirement for the binding reaction can be fulfilled by ATP, but only at concentrations 50-fold above the amount of GTP required.
Both F-I and F-Il exhibit GTPase activity. F-II contains a GTPase that is stimulated by ribosomes and either stripped or charged sRNA. This GTPase appears to be similar to the G factor previously identified as a component of one of the purified polymerization factors obtained from bacterial extracts. '6' 17, 12 In contrast, the GTPase found in F-I, the fraction catalyzing the binding reaction, is stimulated by ribosomes and charged sRNA but is not stimulated by stripped sRNA. A study of the properties of the GTPase present in F-I is in progress.
The results obtained in this investigation indicate that one of the soluble enzyme fractions required for polypeptide synthesis in the E. coli system catalyzes the binding of aminoacyl-sRNA to E. coli ribosomes without a concomitant increase in peptide-bond formation. This enzymatic binding reaction requires GTP and occurs at concentrations of Mg++ close to the optimum for the over-all polymerization reaction. These results suggest that the enzymatic binding reaction in the E. coli system is probably analogous to the enzymatic binding reaction previously described in the reticulocyte system. 8
Summary.
-The soluble transfer factors of E. coli have been separated into two fractions bv means of DEAE-Sephadex. Both of these fractions are required for the transfer of aminoacyl-RNA to polypeptide with washed E. coli ribosomes.
